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(pa’D) Apogee K"mD mp tfnbpm un>a npwm mipn m>n 
{bNDWU) Perigee iblbDül 1J1P3 DDUpD mip») 
http://www.fourmilab.ch/earthview/moon_ap_per.htnil :“tTlN D JYQHN3 


jpsno ]om ba naso m>w njyon dkhon .rnjn >j? bw mw röpj?bn „ 


*V 

.* »jipinD na>N N»n*D^rab woo 

nmvn pi n nmy .npb>on nwnab - arppa 5° - uyn noj m>n bibPDP ,ntiw nsiyj n nbKwXmwun 
*jbnm ,n>Kü\yi ni>ß» ^iüöi nbyn yyuno ntm m>rw *pb nurm ,noo>bN niß>n m>n bv bibooiWnaw 
.m>fl bw pwn 59 %-d um ptn *fbnm nwib xb JiYwaND ibN nrrwi .«»ma m uppn 


jmtiN »iwibo b\y o>j»aiü .9 


ni>ö>jDn niv>ibon 

* } 

pui jPBP-pK ipb ono onyum D>au *wio ;K"did pai pdph yi O’n^dj (non aao) mp im (mu) dpi! 
** I 

,iDNn *rab \)mr\ b\y inn mn o>yj dd ipkd ,iwn yma *m pgpd 3>ao d>jo d>nu mpmv 

>k) >bDWD «)n> 2 j Kipj m aso) pnwn jini k*ttd jin innon ipn by N»nr)b uma D>anp on nam nupanzj 

.nno-^nb ibiüD b*n pbp yoiDm ,wQpnn nmso nrpnoa mw jiinu ibbn jnwban ,(inferior ctmjunctiöh 

Tiübll K^ ,pnpb, n3iyD„l?1Jp .(maximum e longationL ,mminp D3Gb ny^bbn' JTiPjbDDD JinN ~wj& 

myb nmm nyii nnyiin pi>D jin naam N>n indq .(>jö>) yiPNi yan un nbp yaißm ,apia uui iibw D’Xpa 

/ 

,(superior conjunction) v/dph Jini N M ma jin nanon ipn by uma npwnn mipn jinsdj wn ipn *ry ,pw7\ 
vwtvq nb\y immn pman nnp ,nupjb iy nmtn indo yub no’PDD nuaban .vmr\ n>-by nuitnn/wrabi 
,(>bNDP} natna oys ym un nbp yoiani ,any 3D133 d>qp 3 ny>Diü N’n wi pbo^ppon iDiybow y^o 
.(26 ipn hkU nbp »n>wn b*ran dj pnmb }m oui bvt» ya.3Dn oy 


m* huuii nr ’inra 


nbnraa iraunuDK 







Haauacau nmu^u 



pnsüp by yopp mNb ,1609 vp 3 map sippbu *pn mm rrn ipnd ,>>b>bj iNb’bi h> by ibipn mun >ysio 
pmyi pioibmi mn ,popi ,onDm nsü Nin - ptn pnipn ppdüp iNb^bi yun ppn mp *|bno:i nipobon 

-P>miO PSpPO bp 1TO HD1D1 DP1D>NP ,DOPp OHIpPbP 
Nichoias) oipmoip Pbipo >m-by ysinp pippmbnn brnon n^an ipd>p ,mun ’yoio yppa ,pppb:mo noi 

___ ^ /'mopnjombp pnp’pn by» naw 1543pipi(C opemicus 

io.! mppmbnn bmon jrmo owa mpnb 100 ,nbp yoion >ipp pn nnbop ,mm bp »jmnn b*mn ppp 
mn]>p)iin ptno pbra pb .popp pn wniD bp nopnn yom mnm isp pdph a>ao mu bp nspnn 
inidh mjiHq, Nb - tpnoi ,*rno bim wron nbmi m asim .popb N»n*rD pip imm pnüoi idPd ,N«nmb 
’pmin bim opfctejimb ]>n ,pni poiyb picmiNin bmon > 3 -by .ipn yoion N>m ,N”m:> piob moio nbp 

.N’>niDi nsoi Piyon ibiboo mop .osy bp 

'ts» 1 


mo^bon 

N"ii*T3D ibn nrn inioh ps loibi ,»nnwv o>pyb man fip^:» ,mppo ppooon pipibsn bp yoionp mya 
,87%-n nina ipnp ysun own un dhnd pn .Nbo ysiob mop niTpImwnn pimbsn bp ymon ,nNbm 
,99 %-ü bim yaim mop pinhoi im> Pipimn pimbsm ,pinsb^9%,bp ysion pms pn 
pynnpm otnopnp nmwnn niüibsn ysio wm idno by }ypi ind Näiap^pin 

,The Physics Teacher, Voi. 37, Dec. 1999 
poimnn nuibsb on»P3 nbrnp .opm>nn pimbsn bp ymon aw>n hin üipyb bmi 28 - 1 27 ohpn miyn 

.□hno ,n>bN innpn 

np^o a .npb>on np^ob nih pibDppnn pio - pN dhnd-pop PDiyon bp »by pio» dnii 28 ipnd 
popd pip >n>iiin ninnn pn pp^o ß ; N"mD 0 naw *my poph inb dhnd pnp >n>wn mnon pn 
dn .popp bp piNi pmpio oHNöbi 7 *ind pip >p>mn mnon pn pp^o 0 ; dhnoo noiü my N«n*TDi 
,(pdn P’odhüpn nmn^) Rn pdphd N"niD pmo pn ppb bDii , 0 ’biyo bND pipibon ’bibpo bN pd^pi 
N« nio p3 pmon - d pn piymp nbN ppp pibp .(ppoipippn nn>n> 1.5) ,rn popno dhnd pmo pni 
.N bo yoion ipn dhno loibD ,N"niD ppDb mis dhno bp iNion pun bo Nb n piNib ipo .dhnp fli 












__- — ,onKÜ 7J1P \TlPD D3D V>£Pü 27 IPKn 

\ immnn .26 rpto idd nPDnun })vd ijiwü 

/ ___ \ jin nvwP mni» ß rpvitnü ihd^ü 28 iwa 

f x v \ )m *jk K"mD })vt> npa\y ,d>7nd bv pbnn 

I / \ \ OHKD 7\W3 ,PlPüpD *py rfPpö 1t T\m .1N1D 

/ \ \ .nmppnwi DDKb mw riD-ijn ,>^>d >)£nm 

q>-.. .r \ j ’ 1 

\ i e ."'.y--- -vVN ( lnw !?y dwsö) \ym>m N»niD ,dpnd iwkd 

y R 1 V31D3 D> * mo '* 1W> ^ 

\ \Xy^ / )m ,1 dvd” dhkq wn dk 

's. y 7 jipon 5üK*p<nNn iüipi> unn) inion ptmn 

_ ~ _jik tvt» .(l + cos|) un N"rrrP nw (dhnd 

onNQ->pN-\ypv; np-ivnn noip l, w 1N1ün p^j p onKün yauo 

i Pipi> mrw Pkppöh -pyn mn pmii ,F = (1 + «kß / 2) hüPd ppawn 
I :D>PlPDn P3 >fP ^pb \m 28 7PNÖ 

f ^ sin a / r = sin | /R r x _ ^ „ _ _ _ _ _ Ä ^ - - -«, „ „ 

t sin ß = {R / r) sin a 

ß =; siir’^R / r) sin a) \ 

? \ 

.OP mtrfli R/r ly o-ö nnwa sin-' nD^nn n^pnan bv wüinNn ,i80°-t? o° y>i rnmyo a ipnd ,rwp>M 

pbl ,R/r = 2/3 D’*WD TDV .(b = sin 1 (R/r) =W nb*TO1 ,a = 90° IHM Po>PpDn HDP DR ittfpD ß 

.F = 87% : n>n> dhno bv PD>ran yamn pb ,ß = sin- 1 R/r 

> 2 p nm> bnn f >itoDn yaißn *py pbi pnv pp R/r >w>in *py *üiv mpimn m^>nn muPon ipy 

np .f = 99% Pb’pon vsiam ,13° nid ß mm 'jv PD^Dan pn>p3 1/5 nid R/r i>w 7~ivn ,p*p 

.99%-o bm F ’iDii) ,pnnNn müPap 




Kaauaaiii ee/il^u 









MflClLLÜQiU EEfU^LI 


ti»ij7>b .10 

k")Ttd p3i du pmon di obiN ,(D"p 1,400,0000) wnwn lüipD pyo 40Ojsjp434^5;SOO^rn1fnü^‘“ 
,»7Db non wnwn bwi nvn bw ’rpwn b7iinw 73771 wnxxm^pai wdwh pn pmoriD 400 o py3 pp 
NbD nm Dp>b - n»jrra nnran oowm Dppoö D’yn>K bw öm>p iddnd m 7ro>» nopo <jn>3 .0.5° pio 

.NbD m> >ip>bi 

»>fl by n»oP iny-rffri uw ,DipD b3D diu nnm hni» nih .>pbn in Nbo odid müdd rmnb bo^ m> Dp>b 
m by DpppQ DmiNö miNib p>) ,NbD Dp>b bw mpm pnynw in Nbo ppbn m>nb bn» non Dp>b ; n"iVT3 

-X’’ 

bbp-fm ; m» »ip>b nwibw 7y wmnnb o>bu> tidn ruwn .»pbn >1 p»b3 o>dddd donnd! ,NbD >ip>b3 n"H73 
^ .o»ynw3 in >2 by un n*p np»bb non Dp»b pi tmmn wion .nnn ”ip>P dwi m> ”ip>b dw o»wmno 


\ s 

\/ 

A>. 

/ x 
X 


o>ddüd oohnöw p pm>n wnnn n>wN73 - wdwh pn N M mo p3 nudi m»n iwnd ,wmnn tidd >ip>b 
y^DNi - n*pn \>i) wdwd pi nsdi N w mi two ,wn*mo m> np>b .DNibDi wdwh dh niN7b in») Nb N"n733 

.iNiba3 m»n dn niNib in») Nb N»ri733 d’dddd dound wi f »m»n W7inn 


bw nyunn Tiw’Db pnn N»m3 iud m»n bw nyunn iw»n bw n»»o)n bbii vnin bo D>wmnD o)»n o»ip>b 

x 

pbl ,(i7p^an 71W>D) WDWb 30DD N"H73 bW nVODH 71W>ßb (5° pV3) DVD DD) Dt 7W»D .WDWH 3UD yiNH 

'X 

iwno .m» np>b wmnn Nbi ,N»mn wown bw onnoin in i3iyw nw>n ipn by nho) d’n ^3-ina ni>n 
o»N3ö)'o»aun nwP^pWND pipm m 3^n .»ip»b wmn» ,iw» p imN d>n^d) dodd nwPw u 3 ^d 

.np^nn 7w>D)N"n73 3>3D m>n nvunn iiw’D - mninn »iw>n dw tJ\y im>nn ip inwb 


n»n >i] 7 »b 

D’VIJlWD (Penumbra) DTH bw ’pbnn büii >71W pl (Umbra)‘TlrajW NbDD büH D17D >m>n W7inn XPWN73 
D>bbi5 ,npb>Dn nw^ob pno n^di pbbui m>n ownd t bb3-i773 .(29 iPN'nMi^mo pnb m>n p3w 3niD3 
vn’ N«n73 bw o>pbnw p 3 mm u 7DD» pN ,m» ,wdw : D>3iin nwibw dn .N»mDDirbv.,q’bDiD dpn t>n 

.nDn >ip>b ba pro ,m>n bw 53fr*mNi. 
ddo nT>n bw invun nw’D n»Di bbu xöu ompnai npb’Dn oiw^dd opmnD pbb^i m^nw n73ivb pi)3 

blbDD Dil N"n73b 3UDD n7’D bw ibtbDDW piOD ( n)T)WQ N"H73D m»H bW phlDil Dl ,npb>Dn TlW’Db 
m»n pniD »inw .(perigee) Q"p 365,400 »bD»)»om ,(apogee) D"p 406,700 DH »bD’DpDH pmDD :»D3>bN 
bibDD di .(nbvn 0.558) nwp didw 2 , 012 -b (nbyo 0 . 49 ) mp jiviw 1,764 pn >n>wn ibiw Di>wb 0711 N»n73D 
mp niDw 1,844 p3 mnwD wawn bw ’iiDiin nbow idd DNinnoi pos’bN u>n wnwb 3>3 Dd pnh bw nopnn 
b71inw )N3D .(Perihelion) p>bnOD3 (nbVD 0.542) mp T))m 1,952 pib (Aphelion) )PbnON3 (HbyD 0.512) 
law 3 ud di >7wdn ,pnbi .wdwh bw ^ddh nb7iiD {mp mp7 2 in) 7%o bni JTi>nb Dwy m»n bw ’Dmin 
.wnwn bw >n»wn nb7)iD nwp mpTJ in lo%-3 yop n>n^ m>n bw »n»ntn )b7ii 








m>n bv ’p!?nn ton to 


f :D>sro naaa \jrpp jwwrt? Jid» ^tpiörma >ip>^ fewm dk p^> 

rtoy in \wa\yn bv >n»mn('ntrnö mw m>n bv ’nnnn torm ,Donp rrpm N»nrj iwo wmfi\:Ni»ü >ip>b 
wown incnn m nroa ; (Umbra) m>n bn anpn N^nn utto nsü” wm bv d>tob nw nt i%m ,vby 
n>nn T»n nip7 7.5 73 ,n*moi> anyaa N«ma m by naiv m>n bv itoon fcin ,m>n vp-$^n°:& 

n^n idd n^73 n>d ,^ß\yn moy dk ton 1? ijib )m uima .rmj« mip» noiü bv wya mmno vpm 
? .D»anoT nm ido rm» 71 mm ,r\vb a>3PB 

inyp ,p»!?nöjü jqfcaa pNm .(Perigee) «»mal? iimn mnpn rmpib *iibm nhd 3 m»n dn ,jmn) o>#> 
.mp 273-b yartf^ra» K^on >iptoi n ds: ubbw 7iwn lüipi ,mp 23,500-3 N"rnD otb t\h tny byn min bk 
ubb iroob mrp irwi, (Penumbra) dth bv ’p^nn to N B ma by bvv ,n^d >ip>!> »mna m> i\nö anoaij 
/ .mp 70000 Kin m uw bv vwip .rrwi '»v-by np^nn uitnri yrawn - >pbn >)p^ 

,N»m3 p& !?y ^üid ni’n !w >p^nn to p~n , 2**7173 bv vbwb layo *|inn N^nn i>sn inw ayaa :>pbh >)p>M 
/' .»pbn >ip>b pi wvijH 

^JlW! tottl,(Umbra) N^DD fein D17I7 *plNB fe73 m>P p31 N"D7D }0 pniDD 7WKD WHIP :>Jiy3Ü >)p>H 
■ton mm nap ,p^no£0 ymm (Apogee) mi»3 npmn mipsa m>n dk f nmnt» .wo\yn b\) ma pp m>| 
y>anP bw noipw ,>7)3n annn 7ima nüd» n"D7dd p^n .N M ma »ja bvo mp 3 3 , 0,00 .pppaa Nia^> (ün>bra) 
bbn nmiSTnaSSIiTOyrriiR^^ by wbbm nt nwa n^7« m>n .a»p ilf-b 

jiiniIj n^n> )m n\ nmi» aooo payao »ip>^ n>n^ m nmo nN7»\y >ip^n .mooiüion bv Tniuoan naiiyn 

/ 

D3’n >ib)n p!?nn mwvD pmm pb n bv ninpn - ’pbn f Mp>b 




KaciLiaaiU ccm^u 





nv 

dk .N»n*D bo iba in any m>m ,wn «mnn ysma m>b odoh in nsüj 

wdd pbno 73,(Penumbra) >pbnn bun 7m qibrn Kin dk ik ,(önibra) nruan bsn onn >bwa 7^n> ni>n 

Kbn ppn wmrp /Umbra) nannn bün onn pa^nJST» ibD m>n dk ppbn npn wnn» pmr\ n>-by iikp 

.(30 n>K riKi) 

--—_~__. x v _:_____ 
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’pbnn ysn ihn 
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.\k ... =,,.. .... 


tmKnnb o>d>kjid dpk o>pmom omn >on> : myn) K»mD b\y >pbnn Pni Nbnn 

bsn aoip - D ,K"mD bo Kbnn bsn onn 7 *hk - h ,K"rnDD m>n pniD - r 
,pmon uriNi Nb^n bsn aoip - d ,nTn Po biboan oimb mwn prnm ppbn + Kba) 

npbpsn n\!POb anon nun Po mwnn nyiwo - A 



sc 

p 

P 

r 

R 

p 

rz 

ri 

Dl 

B 

j~~ 

rz 



noip .an>pa 0 "p 1 , 000 , 000-3 r nvn bibon optid bvntOßYtfn) K"ma n>-by *unw KbDn bsn onn 7 HK 
aoipa um brn imba ,D"p 9 , 000-3 un (K ,r niDD m>n pmn) K' , m3D , ß«p 384,ooo pmm d onnn 7 m bo 
,D"p 384,000 pmm (Kban bün m nun bbnw) wma bo ’pbnn bsn uw aoTp'/xim p»p 3 , 500 - 3 ) nun 
m>n b\y nyiuin nio>D ji»\m obiK !\y*nn baa dt upnb nnsb iodk ibK omn^ nb .»»p i6,ööo bynbiy ,D 
K>n ,A ,npb>nn *no>D wo rrpn bo irmui nyiono 73 b nmu 7 nya 5° bo ny’oi np^nn uo’Db onn 
K*m K"m3o ovo b33 Kb pbi ,n nyiorua nyaiK n« um pp (D/2) bim uw bo idihi jayb mp 33,600 
upn ornriD Kb wi ,K"ma bo bün uwb 7ibnb bn> mn >ip’b onuiD odoh )nb m>n in 
nbo ntnon pw ,jiuimn nyun bK 3 dtp nyunn bw npb^n nw’Db 3^’m nmb o>on»flD ok 
8,000 by nbw u>ko pmm 73b3 d^d> nyaiK3 nmo dtp iny^n b\y nnK “rnnjo 7 bnmo k^p ,piüd> 27.3 
7 iKn mpn bo apnan pu K'-nnab anpD m^n napn bo apnon pw anKD } )2/D{ npb>ün aivnßü a»p 
noyob) K»m 3 bo b^n mwa ibbn d^d^d nyaaKa m>n nmo oain baa Kbo k^p ,D»ibn opk WDob anoo 
y*DK3 Kpin wb aDiba ,i800-a poibnb hjw oawn pab an Ji’inn no pbibon bw yopa jwnb bia> Kin 

.np’b Jiwmiinb >ia^o pk ma oainai />m>n vTjnir 


jnuiüiDi nr •uam 










NaaunaiU nEaiz.u 





NaauuQiU CEaiz,u 





























ml nman nna 




i iiwi n»i 


pnian um inab pa 7 m .i>ojioi wo d>wn mnon ijjwjo D>ayn »o*n o>pvn na3 *tv nbNyn 
7 oynb Tton .wnn mn^aiM) iiNsanbi (D’ r nnb'283. : 306) tnPpwb prianb 7113 n^n 73 oyb !0»öwa 
n>Py pi yaonnb nbw bbnn ü>pnia mna ,M”n73 aa biN^jy ywa by nytonn bbn3 o>pnian pm 

5 .Mwa in by im D>pny*tm, nau by mnab nam ,na>py mna 

j \ 

,nnonmn ’pin jim inoa m> onsnny miob .p aab 7 iy nasjy >yuM pua naPnayb lavui nnonroon ’pin 
nooaiMPiy 73 .Di)i 33 iio:ji ob 7 in owyia oaaa nmbi pan!? wPam oivoa fbo by ona pbn non Dn 
öd ,nyoiba naib 71731 fni^nn nntab iyi> Nb 7 N ,tnPpiNb iaipy o^trona byPipnn t>>tm mi”n 
bm ab hnu mp onyy ^n ospapn o»nn \vvw niiDion myauin jtim : nasrrb .tPPpiM mx nyyy 
jin onoa ony Pa ni pa>py!? BNsb >n»a dm yPnnb Dam omP^a u mpin-o^ tpim-o^y iyMa im 5 
.oaiy o>pnia 3 d>nsdj )hu ijiim Py 3 D^asy ay ny b 3 nbyanb nbp u flppin .nnoDiron np’ksiMn >pin 
um 7 >iyni> >73 imnM pbrn 710 y> pbi ,nyp ,ob 7 iP t?n»a niM 7 i y>m o>asy ayb wn pma^i paiM 
/ .ma m Dpma 


opnia 7 m ,nn>na» ; miiM3 oaan D>asy ay ,o>any Jiyanb Jiomma D»nn ivoao Jii3ian n>ay nyaui 
osyb yno uiv ina yi Min ib>M3 imi« inpn Dsyn .miy omi>na P»ns ona naaP imi« iijimd miy 
,D'oy >aia nypy by Jiaiaji ’jiy jnyoia "?7nyi na» 3by3 .mbpan Jib>hJü amN jwaya n nyaui .pimn 
□ny j)iiü^ .Tthv mp D>ayn ’an nypy pna >d 7nynP D>ypina an>ö!?nn .myy 12 by yiam ia!?ny ; 

«* -i 

’jiy >y myyi n nnyn .moj D»pnion Jiypy nM mb o»nPüo 0 Ji> 3 ia ,m pnia 7 nab dPid> opm. 
/ / .ai3my myainnj 

/ :D>3i7 >nyi >Mmyi ni>n ,njun pm anb pay maba D’aib^nn ay ]o nMiiynn/ 

pNJuy ,naa ,m> :]Dpb bnana bnian ob .H 
pno ny^ina nnuin m>7D .»Niuy ,rau ,m> nw ,iaio nuyanb imo n3ina - nmnn P7>a ob.— 3 - 
_ _ m _,_,_Da7-ian3ppy'6in»n 0313 b / 

miypn n^ayn nbMyb pno 7 M .o>mbsnn ay3y D^ayn ’aia jim mb o>ypaa opm D>7>abn bb3/p73 
um nnab mysMan a’pü>y mny 717 b ms’Niown jin oamb nyp .ijip 3371 a 3 üan ,n^y pkoan 

.iPm yanb }m Mby p’ay du bM pman 
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.■tfiii mai ml nman 



NÜflLlÜQtU HEai^U 



MflflLiaaiU EGAL^U 


opmn ob o>a\yn ito jin oarra oui omön ,jpv>n mm nb>nn nayb D’anbnb ntjoNb >an 
*inNb pi .o>n bta3 vpm ood lampb ono onbw n>omn mwib ab o»öw dpn in ,ob*m ob ^khd 
Jim w» ^np3 ovpobJi n\<nbY>-o>ay piraup pnb nnyb w> ( jwwn omny m immyv mwlmnsr 
,*>*P amo })m nwy» nt nbw ddo .onbwa rmw imayb on^nDyb D’ptaan jini nrrnyn 
sbvw pia .omb« pno imain ,o>n\yn ’aa b^Dftöuiyaiini tnn«n mo jtcpwi jin u»nnb n:n nt n\y 
30o N>n nnvanap nnab ^mrv^mr^t>vm n»mD mm m o>w>jnn um yna nbNpn m jpbynb nt 

.P"Dp 100,0000 IN n»MO D"p 
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tntnpÄ pniö m»io :n pbn 
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n”Ni *i>m by nt>pbia 

,tt Nb osyn ,mnw Jimpio o^y by D’brmpa .aan d>wn bv napNirown pn jmao nupbrnn ny<an 
mpra mann impn >aw nih idP oian .tnn»n ipp ono yrawn otpn rrowo um b^n ,tt Nb nown 
y:amn by naip>n npyy im ,aya:> »rnn v>m >a>v .nannon y>vn Dip>an y^nna nawn ,*nprp miNw 
^asRir.m unriKb biray nrnab ,ppmo brnyinn jrmr .umr nnmim Hin mbn'by pimanpypno 
}Pp<m .niapy 7 m o>pmn mnab nnoa on yi^Nn by nanan ntttnn jrppm nymnn mna .irrpio 
tama Sbmmnab y:iüNn noaa rnyan .bbnn oma bN notan ,aby mnan bntn bni abn ab ly^Nan 

:K3H 1VN3 




:Oam >j)W3 abN omarnb pa .nopb72n Jipa nann 

pvi ovo bD 3 (C) y 3 ^N 3 Damno 7 PK 3 pDtDH ii^b Uno yrisNn bp otp’an ai>P .H 
7Pnd 7K .mbn by K^ain prron ivn dk ni^npa yi^Kn nauna a py ipnd .mnN 
odidh 7i>Nü pnnon ,nnx ihn m^noa ya^Kn ,aauna b py 
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»mp .nmtya o»3ip>n ysab in piidö pina m\ Ntaab »ba nopbmn nyam by o»iypi hn öpann »»na 
D»ayn ,n»nana o»yoii pn 7pn 3 pb n»i»»DiN nana Nin ,o»tt hn apNa ,o»n»»i o»aay bp »n»mh i paip»a 
hn nap nyama nN’b^a aat»nb p»i .D»tt opn pyaa o>pim o»aayp aiya ,n»bN pn»a o»yi 717 b jiaoa 
.mnpa Nb o»apa inipai ,niiN rmbb 7 »dib m»n o»apa 7 N ,pn Nbb mnpa 711 m ,naiiN 777 771 Kb d^dd 
nN anab p») ,npyab .nnpb7on p»y7b o»üan Nin nai^na pmab on»a o»a^y bp mnnn n7»aa »n»pn 
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nN yaip DnbpnDO»bNn b7n .papn a»ao \7Nn nynna nNHina mp 7 paa »pa»bK bibpa D»a»bpa D»ai7pn 
/ ,7m» u»bN o»anp onp yiapb p»i 7 a pm» nbm onynn bp noa»bNnp baa mnKa Dprna 
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,ntiN npp n»ipa nino bba -7773 7ikb miüp ,nnpp nnina d»püiy hn o»apa nnppbaan nn»7on baa 
nbiy m»K aip»nn nN»ip m mpoa m ,nnN nbya 7y nn»7an nw nK a»mi ubp ii»7a o»anp yi^»a 771 p 

_ , 6- a tg 0 ik sin 0 bp nabnn 7paK3 nt ji»7a ,d»jn» 773- ipy>» nn»7an .nhNn n»abK .by 

tg 0 = 0.01745506 ,sin 0 = 0.01745240 ,0 = 1N»77 0.01745329 :»tN 0 = nbya 1 7PN3 
mopn nK’ipa 717 a nnop nnina D»b7in npibp pa aayanp nN7a crnnnNn D»b7in npibp pa nKiipn 
nppbaon nNiipa nK 7»a bapb p»i papp nnina o»poiy unp nnina pb .tinN pabNa 
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.nPyo 0.60 Nin p’opPian nmpn 7ny .o?o7ipn D? 2 ?yDn ?)\i?3 wunw j 

uouyp ipwm ü?D3n ip 3w>n3 ,p?3üpn pmpi >p\y p3\y >pown pmon pn o?3\yno m m 7?yo3 .n 
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.->pp p3 \nonn .PiPyo 35 y^ioo 3nn-ip omn D?D3n ip 3iw?n3 .^ün3.N ai>v^?33t?3n1on 3w?nn / 
Pn3\j?? 3 DiP^pn pyy p3 vnBn d??p', iot ipinB pi>73 y^n oiP>^nw pnoP .piPyo 90 pi>73 Hin 7 yinp 


.n3?3p ppyo 15 N»m3 3310 n w 7\yo3 ,yn?3 .piy\y wp mwn vion ,nN>3ip-pon3 oiP^pn pyv?^ ? 
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MiDM YiNiia nTn prm,yno .pano m>n pmo bw Pfrkrrp niira N>n 7* ,npma nicnn *ö ojon vm 
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p 3 m 31 wb pmm dr 7K J&nftnw» iw 3nna >nßi> onn on ,di>h vhbr 3 79m iw nyamn nwi om\y 
•mmn pi>n riRn Rimn >1 p>bb ^nfmoniwi noun p» ,vbnn iimiy 7R , 71 rh oi>y» Ni? ,ß»p jm\yy nß3 
^ pn 3 ß 3 i ,mm m 3 >non nn>n o>ißß wq}!) onu naun iw lßipo mw ,n9pinan pyain pinn >nn 
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bv nüipb niw N”n 73 bd by jmipj > 33 ßn pninn ,K"n 73 Min niwpi >33 nmßi> iWR7n owan" 
pß ,16 -n riRon 7193 >dd ,nnK wp np7 >73i? nypn jmnö3 pinn nß3 79K3 ,ß«p 12,800 -> N«m3 
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nn>7ß yn3i» mn ]n>: 18 -n hrdh 719 nK3pi> .nnv o>ni33 D’pm 3^3 r Dip 9 iwn nRDßn oy jin>ißn niaw 
rii7>7ßi> yßni 1 n^n ]iiß 3ßP3 ,60 ’o m^nRn nnnnn hr nowo 337 , 73^3 nnR mp mw bv pm nn33 








o»o l pmonm 9 moano hp pinn oa by ano!? nnm pm nan >nw .ö”p pn 9 >ü 2.6 na *ry jipihh 
p pmon ^>0 mpprro nrrno!? niroya vnnt> po ,0D\yn rcnyo p>a!? nmn oodö dh .o»p 2 -a pmoo 
' nup o 9 m o»pmD UTioi» yoP n>n pro *rs>a 7H .ddhuh jiü)P 

lapppanpysno p\yo p^onn ip tin in oirmn pmo nn nmy nnoimPn nwob noDMiro nwoo *os©n 
hP aoaHiin!? nmPppap nb oip>n bv tma nanvn .o w p 150,000,000 9 op 12,800 -0 pj mnon opa 
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Duo aaio H«nia .nnponbnn no>ann Iph onaiv nona n\yan nmn .nrip föQn p*n oin» lpa unib w> 
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pinn non p<9n#>!po-66,ooo-a bv-nvmb mb p>)-n!?Ha>N)n 3 '.mmnin- pinn lim nmn\!>nvy 
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no\y >pbn bv ppp von!? noiP .mpnun nnnoa pinn non nn pwb 70m m>non nn\? m !?n^ nn 
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/ .nnn naw bv nmo pi npa poioint 
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, f .o»y?*rina n>n n^ow!? nnn mno pa qpw pp-pnav 7 >avn!j ]n>) 9iPop 5 
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tppMön n5pt> .1 

yr>w P\y P*nao mm 3 >dü viNn an>o PiPwo Pw tnmn moa w pmo Pn warn PPna düwP unjw rma 
tnrnn dimpi) 206,265 >3 Pna N»m:> mm Pw pmorw wn *Din mym® mn mp 

^'"^<■1 d R 

Y'^-L-s -x 57.3 =-x 57.3 x 3600 = 206,265 x R 

, ^<4eßl 1" 

cpnsö) un rovy rrnpan pp .(AU) mmam'üNjpw □> mpa »»p ivP>a iso*P anpa nwn PiPphd 01 m 

/parsec = parallax second) pDIND DW3 Dl VVP m pfrwo .J1PD131TWN JlVPn» 206,265 UJINö JlpmiD ,PPm 

- ~*Ni, 

.iin mw 3 . 26 o orw 3 * 10 13 -P oimpa mw ptma 1 PvrpmD .jidn m>p n»w Py mupPoo mnn tdiPd 
.mm wo nPaPtam mn p«n iwo ,nnN mp mw Pv mopPoD mnn ym pdino 1 pmm Nuaan ddtd 
apniD pp , 0 . 76 " pi ,mp mwa mopn nopPio yxm ,>hnüw noPn>|wP uiw anpn awn o idd 


:Nin UJ1NÜ 


D (pc) = 1 / 0.76" = 1.3 parsec 


D (ly) = 3.26 x D (pc) = 4.3 ly 
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wpPoon mwn dn nisbP onypnna m nt mpm .ncpPiDn nnm: Pw Pmitn m p*nan owa P’aimm .1 

rjujiu nppPoon nnom rmn ,o»p 10,000 Hin doihh 10 pman iwo ,rm) % 

; 10,000 n \ 

; 9 =---x 57.3 = 0.0143° = 0.858' 

, 40,000,000 \ 

0D1G 1PN JlWp Jflfo PTß .JlVDpPlD jn*PTO JliyadJlD PpD-fTD HW Pllin J1N pmP m P’lUl JllüD \2 
nmnsa *[n ,jmminow nnnoP »*ra Pna Pna PPa-fm n>h mp mw .>dpoi>h ijpo>)o vrörb \ 

own oPw im oPivP | 
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L = --x 57.3 = 

0(deg) 


X 57.3 X 3600 = 206,265 x 10,000 £ 2 x 10»km 


nnoiin rasn h>-Pj> iüiPa Po nopPion jin iwm .rpupPiAn ninan Pna m pmP hn3 n nPKy .3} 

•* :top3i nopPiDn i 

10,000 L 

e =-x 57.3 = 9.55 x 10 50 = 0.00573’ = 0.3438" 7*" 

6,000,000,000 _ _ ^ / 

dpd .ioiPd Pw ncpPion jin ihüP i»*ry ,mp r\m ji^ndd ,nPN\yn Pw mnon jidt oinra odiPd/ 

.iwp rp)\y Pw 1/10,000 na iy mv nua pa> 7 P y>anP vn»j N»maP Ninn imno m\yi 
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N'>mD\y p’uon ip .\yawn o>oü N»mD PiPdd P\y ooipn Nin D’ooao Pn pnoan dn omia nw ip .4 
>üia P\y no> 7 Dp y>anP iji>3 nmapn nPN\yn rmnan pinn Jinxa n\ wi ip nnya .rniipp Paaiq^atJO 
pmn o>pnvion dw ’maa mnü iwnd .(ö«p tw'P»o 200 in ) iin myw 200 no iy o>pnpön 
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S = 3.14 xR2 = 3.14 x 2.75 2 = 23.7 cm : 


:Nin iw>nd nowP rown nuv pi wvn 
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fJ inayn nü>oia»iNn) >P>P) Pnpi (»m-p nowiaaiN) bin ivwi nnP» *na dwh» iPn D>wpa Pa»P na 
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D’ müQ ,jmnn pi^P dipdPd d^Pütd i^kd .iimppi mm pDpnn ddtd Pd Toy .mwin (hkid) iwryn 
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jiPiai - aipoPon Pp iinpw nronn ,3oiPa jüa-tSw pyP tnai nP nmn p pPn ,mo asoa hiniP jjmp 
. nPuuo rom iwtn niianp^rrp nmia mnoi 3iu>P 731 pp nupP rnp>m Pro nora iin *pt>m 
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P p mmin rvfpp nom dt ,U3 mm hn 3) mn nnaiy nnrm nuimo nmaim nm mp .nmn niomo 
wn f n imyo Duoiuon mmm mpP .ihn aaia pn nmiP ova Pa apaNoi tind ououn nid aipppon 
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p3 JP 1 U pül DK .DIppPü 137 TPOS!! 71V3 nillPO (0133130 pN DUIIO ]’3) D13313 UP p3 J 11111 P 111N7P Pp IN 
>w ,ß-a aipoPo:3 pyP jimm pp loa Dnaun niooi mp pa mim ,a-a pyP omni dop ioa ouaian up 
: 3 UiaP Pan ,nwg |n Jimrtn ppp pro .ß/a pn aipppun Pp impum nPimn 
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\ 

x, 
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DiptJbon bv fniann ivm 

wtaP n\yp nt iwid .p wn nmwnn !«mPa>Dpa nPun” win d»p ünh 

m *wjo .(nnM mp npi) i»o N>n nn nimm wun .mpoPo Pw nnan i\yp Pv 

PmnP n>cnwn hpon ,ntP nt piao otNuoJjm-aaiX'_ 

o> 3 om djiin mm) pi ,l'-P ppn^P mmn jin I 

Pp no>pp nyovn pnwnpafipiP hpnd p .ornfw 

***** 

nPum iwvn jptff msro pDW Pw mm mumm 
mirnpi jpöi nPi ns’ppn iwnn jin jiiniP *w>9nd 
ouptfuw P\y ns>ppn man .14 two pnm .aaw P\p 
-öudö prnaa Pnn\y pnnP put ,dd3ido jpnd onnp 

jT 

-Pp ,o»W W mK 33)0 ÜWIl UN DK prDHP PDU NP 
nm m*i>nn >Ppn ouidid m ,Rayieigh P\y pnonp >o 
,0.85 a -a nPm onuu imitn *nv P ,d>tidi d>nd 
nunm oti oron * >n>ntn noipn N>n a wo — nmn - ., VJ nawv g mgj 
a Pv >dbjid UDp npu .p>ppnp inN P bp nq>pvn t 7 - - “ - _ - - 7 _ _ ; . 

r (rad) = 1.22 — 



= Ntn pprrP^ jppa’opö nwmP owjian Pin piN ,)m jpdujo -avrcw )m .im> wtcpvpP tmN *pDnji 

: pnpj ,Dnoö>o 3 DD D-i n\pp m wi a-n jin Nrai pvipan dn X = 550 mn 


-N’n d>tuh D>Nii\y duddh u\p pn mPaman jmrw m 32m 

"'*’■***». 

„ 12 
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"D 

cm 

*p*ra mpoPu ,a>tri33 pmnP ppn nP-o> nn PsiP ruo Pp .i»-ö niüp^ppmNiP nn>P*a npN mwiN pp 

: mnn no asm mpuPun nP*nn . 1 * =lRKaijb np ß nmt PmnP 
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du P\y niDin cpüid inv nfuP nPm nP -im> nmai nPiinv ppd ,n^Pü’Dpü nPmnD nNtn nP*nnn tin ub>d 
riDDn mai >d ,mmn jid’n dn rnvmn pi k max -P *apa nPun ,p Pp nm.(! Rayieigh p>nonp) D>a\pn 
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.jnppll iy 8 7\yaa 


s 



n^nnüDK 








\ 


,£>iptPo pny n>n inWi b'v »Dipo!?ü»n ,ra\a 
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711 und ni ym hn n^>D2 ttoü jpdbvo rwraN 
nun pan nlnpnn oiptbo bv n>wo nuny 
nn\y nunyn bv ipion pnn >2) jwouhodi nmyos 
pnn pn On^nO n>n pmonjomut b> pw inv_ 

'ygpT)b 721 DiptPon bv n>u>Nin nunyn bv npion 
jbiQwn 5 dd bv Jipun by ü>y 2 )m Jiyotyn jin 
m>n ini’bpjniK ü>tu>2d nupin om o^üka y>pu*ny /Huygens) tmnn inwio bv nysnn nn»n nm 
\ H _L _ J_ + _L :nuny bv nüDiionn nnoun m bvp 
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22in K^n 7K )i\2P) . 41 x bv nbunb pop) y>jn oippbon myunN2 m 16.5 *rpio pniüi o»o 2.5 idipo 
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iud nbNi o^pbtfmyjäDNi .u>»> bo o’Dipobon tid>n» nno Nbi und nni 3 i nrmn ibbn o>aipobon 
: 0>3313 bo JllPpblS H110N1 DVD3 (1839 Henderson) IIPIUHI (1838 Bessel) bP 3 ,(1837 Struve) 31100 
_/ > 71 NP 3 P NDbNl ,((|) = 0."314±0."014 61 Cyg) 61 11112 ,{(j) = 0."125+0. M 055 a Lyr) mil 

/ .nDKJlHl {(j) = 0."756+0."ll OC Cen) 


NID (a CMa) PP1P-0 ,D”P 47 1 ülp 3 niOlb Dippbo J 1 WHDN 3 (Alvan Clark) pINbp pilbN ilb» 1862 J 1103 

mm iDinno iiuin 0 D 3 b o’pm m>nnn »iju huidd ,pb o» - oin miß im - un-poi bin nn 
pi .im)! iQin bo iüd ,naipn nniNi D>Mp>rab yvp n>n Nb iivo nm nudu und oim pb pun min 
iiiNDiii Ni^obijiiiD lojinbo npiNii jiiiib opyiD yP^rijiPVMripn nj?n>an mrmprin mipyi ,20-p hndi 

.(niJia 71m ODiippbN bo 7112x1 n ,boDb) N»mi di by nupii 
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iuipn - ibvy npn^n myiPhpriPi nnna pin non mviß yra>3 iosndi pu» aippbo Nin jiioiy-aippbo 
nibii moiyb .d>iod 1 . 5-0 nbmn ®oni noiy Pvi Dmopiai rai> Nb obiDD .mpNin noivn bo baaion 

,imn nnin nn»n rniibyi ,m>nto nnm >7 mapo momb nop inp 


• 7 Pi bp np 7 mipi Jiom dinid >mb np>p (Carl SteinfeiDb^nPüP biNp ddhh ^Npn’on nmo 1856-3 
omiPPN pDTipn hddi -13 .10» 2.44 ipiD pniD bw D"P io ipipi PiliiaiPpbai b>m>pp mi mp miiNi 
7 piD pniQi d»p 15 ipipi ,inp min bbiip» nppbai rmi mnbiiio nmNi QrFoocauit) ipia ’jiai^ 
D>iippin dv hniiphi .ovn iy jidpdip o>nopbai-o>aipobo bp naipn ib>nnn ibbn □^ippbünDPvQup .80 

.nimom mmm ,p> omopbaib 







8 m-b nm jihn moo byn *wiP3 bnin niNTon-aipobo bw noip ovn .bm mbi djidd nmon iüip .h 
\ .{project Subaru Japan) 

\(iiüpioi-aipDbo bvy nwiy n>-by jiybuw) nbuo-niobiN nmp bw m>pn nbi^ .3 
/na nw fi’TDim reon bw 60% nniyb 90 %-d E maa iwn mmn bw oipo .i 
.JPÜÖVO n>2TDND J1MWÖ fl)>N D>J 3 W 1 031 bp film .3 
\ finwmnmsiN jmym «nrwy n>-by sipobo bw jtih ns>p rö)y .n 

; 'X, 

» \ .Ritchey-Chretien IN Cassegrain TDiyo )113 


X. 


Nasmyth Focus 
(Infrared) 


f Primary Focus 
| Focal ratio: 2.0 (with corrector) 
Field of view: 30 arcniin 


Nasmyth Focus (Optical) 
Focal ratio; 12.6 



Cassegrain Focus 
Focal ratio; 12.2 
Field of view: 36 arcniin 






Illustration by Takaetsu Endo, Taken from Nikkei Science 1996 
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bw jidn D3D\y Dipol .pnp t bo>p ,op*i»fl nrm D’pmi fmoisoob dwi mnp. onmnonm} rrnDm 
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np>fö .»o’dw du bw mm by hidoidünd nvswn N>n wn mwpn nvjon JinN n"D7d >jd byn jtcöjd 
/ rmujiü 3313D myuon und mp .Tiwnora muw dv i>iwn mnma nNmro >NipN pwi mnwn uiwn 
dnu m pn hnimio .JiniiyjiD nrww mmnw bin nnn .nuDtnauNn p*r 13ym nipan imoo mcntn 

.nmwm u un djd mrnnpi mm oipm aipobra 

. 0 )Nn iin by jüsid jinwnn tpdjn nNiöi din pm) (jpn>i»*rN) nbmoan np^oiN by pym bn pnnb hd 
ufuw bi junnpfl bMp^pJU^nyjiNim D^pJWO uwvD>m D’ 9 pnmD.^y :: ,D?ym oiNiman zwo 
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Incomiag Light 


Nasmyth Focus 


Cassegrain Focus 



Secondary mirror 
Tertlary mirror 


36-segment 
primary mirror 
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idodd nrmißn oipopy py myNin nmon irmo jivüod omotnöON D>rm>y pp>nP niWNin nmyn 

MultyMIrror) niNlfl-21 QlpüPü ; nmnP) IltlP HK1D Po JlttH H>~Py 2D1DD JIDOI DK ÜHOyD .TlP^Tl >JlP2 J11N1D 
lPy I12DYinn rwitfp lölpy ,W1in >N2 nsdjh Keck telescope OPpQ 1J1P2 PlDH OlpOPüm (Telescope MMT 
"fDTO^i^n^nö ntysmoy hd ,nv>m hi np7 myNin nmon tin ohsp n»^n nmyo .{dhüd io nih 
.{ 8 m noipv OlpbPü (project Subaru Japan) 11ND1D OlpüPu liimn) HNinn JVmi üpyp lyONm JilütO Py 
image) mm ipnm D^ypnyc'irnmyD .oipoPun mooP miyp nP osyoi imu nPnn N>n mypyn no>yn 
piPn >nP2 pwo pmP pi>w ,imn Tmi ;ni)pp mrooy jiinuo py nsHoon >mn pnn Niny /corrector 
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1 •.oipuPyD ipmon iwn ]y«nP m »iraNPon 

2 'S. 
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5 ■ \ 

pm nin mm nPop iünPi ,iwn py^m nPopmon mmn jin ioyp imp nwion py mmy nmn n>-Py 
uyp h .niDDiDüKn mimy o>mvvn rmyn dk nopiyn ,mym ny>y oj>p»p .dhdidd mos!? P>nnnP 
.(nmnP ,Pdnh oipypy) myon py minnP 7021 ,msiNn mooiöü&P >pnö oipypy oy mPPn 
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djw o»Pmsnnp o»ü£in oniyDD pp .8% Py nPiyn mmn oipn pn imn ^nP pmm mnp omm 
,n = l - a : nny n mpyn oipoy ,o>psio o>nyyD2 nnow pwi mp pPiöP .mn omnP mowriß 
monpn mmna mo^n nym mmn) yoiPo noyo mynon por» mp 720 nNsirp .a« 10 ~ 3 - 70 ” 6 -i 
ovn mypDi % 50 -bmnpn iNyi ,mtniD mnpno 50 %-P onp .mim mam mmn nnsp ,(cos a= n) 
idd .{2 ii>n riNi) Tpbo mup bpdP dd>is ny^oD mm\y ,wmn m mm>pön miw jipüoin moot? mbpp 
nwiy Pyo >\?dik iippPoo o»np 7PnnP norr 121 P\y ioiü 2 pvm oipoPoo omip 7Pna ,nwiP ]jinw 
* .mown 011 Py mmn K>ny ,nnK mipn nwioi mPnpo o»np p m .nnN (hkid) 
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o>b\ynb bbn >d>’ü bw nnn nNab 7P9Nb Jibiipß ni’nb nnn^ nt upd mbbn nßibn ,n3\y 98,000 ißibn 
viö’n minnn bN yua» ,oon-p niNi im nn nnn bw doqp tin nntnb >ini nt nppnn .nmnn on«n nN .... -' 
m, ."oipn p»n"inN 



\ )W\ 

% 

.mtnbn nynpn ri^*ib oNnna yap>ji thn m>D-r»p by mapnn .doyt laüm yynb *iyjdm m jnb>yan m 
" irmuppiN üpniaa m mb>yan pk nnab *ivdni ,nib>yDn ]m -\m m yapn o’tnan by niDpnn jmo 
naiyB b\y an nbp ib.Oa .o> 7 >öbnn um >sb onn bw Dn>on irpn an ima mvan rmwnn ins a 
wdwiü pnio ttd ,im\wi Jiiübaripy o>cns inibn 7 itw> n *pi 3 . 7 >nN ipk m>on-mp tönd f \w 3 »n 
>aw>nb jpübjiö n»ü 3 »Vw op?w on>bbn in irm o>tjö onb’b np>ya nowiD m an ji»n .nai 
npön-mp nw>n m osabwb iüsn hnö ü>]»jjflm.iN d^dippb onb> msnpb .rmo-mpa jin>on 
abyyb iwsn .m pt 7 >uPiy hubd b\y opinaa lan» mi ,wDtojiD*wüa D>)wn opmam traran >bn bw 

i X. 

bpdbd .omy o>*PDbJin m by lynp^w ,o>nnonp >o-by uiib- pmnn anb nnnn ay n»nn dn 
* .pp^yoi jTCPüpioN *rwD n 717,yin inw *wi) >«na 7>Yraa 
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